Six genes are homeobox-containing transcription factors, many of which are expressed in head structures. We isolated a full-length cDNA of a previously unknown Xenopus member of this family. It shares a high sequence homology with mouse and human Six1, which during development are expressed in mesoderm and muscle. In contrast, XSix1 is prominently expressed in all neurogenic cephalic placodes and lateral line primordia from neurula to tadpole stages. The neurons derived from these placodes do not express XSix1, but the lateral line mechanoreceptors maintain expression. XSix1 is weakly expressed in muscle later in development. q 2000 Elsevier Science Ireland Ltd. All rights reserved.
Results and discussion
The sensory organs of the head develop from a series of ectodermal placodes, whose molecular determination is not well understood. Numerous Six genes have been isolated from a variety of organisms and many function in the developing head (Oliver et al., 1995; Ohto et al., 1998; Toy et al., 1998; Jean et al., 1999; Lopez-Rios et al., 1999) . Six proteins contain a diverged homeodomain and a highly conserved 115aa Six domain that functions in DNA binding speci®city (Kawakami et al., 1996) . We isolated a cDNA, containing the complete open reading frame and 3 H UTR (Fig. 1A) , that shares a high degree of sequence homology with human (Boucher et al., 1996) and mouse (Oliver et al., 1995) Six1 and with Drosophila Sine Oculis (SO) (Cheyette et al., 1994) (Fig. 1B) . XSix1 contains the tetrapeptide ETSY near the homeodomain's N-terminus, as do mammalian Six1 and SO, indicating membership to the Six2 family (Seo et al., 1999) . Embryos contain one major transcript (Fig. 2) .
XSix1 expression begins at mid-gastrula and remains robust in tadpoles (Fig. 3) . Whereas murine Six1 is broadly expressed in head mesoderm and pharyngeal pouches during early stages (Oliver et al., 1995) , XSix1 expression is predominantly ectodermal. In gastrulae transcripts are in the presumptive ectoderm. In early neurulae, expression is pronounced in a band surrounding the anterior neural plate (Fig. 4A) , corresponding to the`primitive placodal thickening' (Knouff, 1935) , and in the olfactory anlagen (Klein and Graziadei, 1983) . In late neurulae, XSix1 is highly expressed in ectodermal domains (Fig. 4B,C) corresponding to the olfactory, trigeminal and dorsolateral (dlp) placodes (Winklbauer, 1989; Schlosser and Northcutt, 2000) . The profundal placode, dorsal to the retina, expresses XSix1 weakly. At tailbud stages, derivatives of the dlp (anterodorsal lateral line, anteroventral lateral line and otic placodes), the facial placode, the dorsolateral and epibranchial placodes associated with the glossopharyngeal and vagus cranial nerves and the posterior lateral line placodes are intensely stained (Fig. 4E ). An additional segmented expression pattern is observed in the ectoderm at the border between somite and nephrotome that does not correspond to any described placode (Fig. 4E) . Neither the presumptive lens ectoderm (Fig. 4B,D) , lens placode, nor lens (Fig. 5K ) expresses XSix1.
XSix1 is expressed in both the super®cial and sensorial layers of the neurogenic placodes at early stages (Fig. 4F ,I± L), but their neuronal derivatives do not express this gene (Fig. 4G±I,K,N) . XSix1 is strongly expressed throughout (Fig. 4E ,J,L± N), which gives rise to vestibular structures (Torres and Giraldez, 1998) . There is weak staining in the ventromedial wall (Fig. 4J,L) , which gives rise to the VIII ganglion and sensory epithelium, that disappears in tadpoles (Fig.  4M,N) .
The lateral lines derive from a dorsolateral series of placodes (Winklbauer, 1989; Schlosser and Northcutt, 2000) , all of which express XSix1 at high levels ( Fig.  4E ,J,L,M). Expression is maintained in bars and columns in the ectoderm corresponding to migrating lateral line primordia. By stage 34, the supraorbital and infraorbital lateral line primordia are de®ned by XSix1 expression (Fig. 5J) . By stage 39, posteriorly-directed columns of XSix1-expressing cells are ventral to the pronephros and over the midregion of the somites (Figs. 4N and 5A), corresponding to the ventral and middle trunk lateral line primordia (Winklbauer, 1989; Schlosser and Northcutt, 2000) . By stage 42, XSix1 expression delineates the dorsal trunk lateral line primordium (Fig. 5C,D) , and spots near the gills (Fig.  5C ,D) correspond to the hypobranchial lateral line primordia (Schlosser and Northcutt, 2000) . At those stages when the various primordia fragment and differentiate into neuromasts (Winklbauer, 1989; Schlosser and Northcutt, 2000) , H UTR is the putative polyadenylation signal. A potential translational start site is located at nucleotide 108, favored by the base guanidine at position-3 as de®ned by Kozak (1981) . An asterisk appears under the stop codon. (B) Comparison of the Six domain (SD), homeodomain (HD) and C-terminal region of XSix1 with those of human (h) and murine (m) Six1, and Drosophila sine oculis (so). Homologies within each domain are given in percentages with regard to XSix1. histologically similar cell clusters express XSix1 (Fig.  5D ,G,K,M). These clusters also express Xkrk1 (cf. Fig.  5B ,E), which marks migratory stem cells of the lateral lines (Baker et al., 1995) , sox2 (Fig. 5I ,L,N) and sox3 (Fig. 5F ,H,I,), which mark lateral line placodes and neuromasts (Penzel et al., 1997; Mizuseki et al., 1998) . A difference is that XSix1 is expressed in both the super®cial and deep layers of neuromasts, whereas sox2 and sox3 are expressed only in the deep layer.
Unlike mammalian Six1, XSix1 transcripts are not abundant in mesodermal structures; only faint staining is observed in some regions of the head (Fig. 4H,K) and somites (Figs. 4E and 5B). However, RT-PCR demonstrates that somites from tailbud embryos and adult muscle express XSix1 (Fig. 6 ).
Experimental procedures

Isolation of XSix1
A gastrula-stage cDNA library was screened by PCR using degenerate primers for the Six domain (F: QVACVCE; R: NWFKN). Both strands of the cDNA were sequenced (GenBank accession number AF279254).
Whole-mount in situ hybridization
Embryos were processed following the method of Harland (1991) . Some specimens were serially sectioned at 15 mm with a cryostat (Kenyon et al., 1999) . 
Northern and RT-PCR analyses
Total RNA (8±10 mg) from stage 35/36 embryos was isolated using the PUREscript kit (Gentra, Inc.), separated on 1% agarose/glyoxal gels, transferred onto a nylon membrane and probed with a random-primed 32 P-dCTP labeled EcoRI-NotI fragment (Sambrook et al., 1989) . For PCR, total RNA was subjected to ®rst strand cDNA synthesis using oligo (dT) primers in the presence or absence of reverse transcriptase. Primers for XSix1 (F: 5 H -GGGCCCCTCACCTCCAGC-3 H ; R: 5 H -ATCCTTGTGG-TATCTCC-3 H ) were annealed at 558C and PCR cycles performed in the linear range. Amplicons were separated on 5% non-denaturing polyacrylamide gels and signals analyzed with a phosphorimager. 
